Aim This study performed a systematic review on procedures, instruments, techniques, and outcomes of laparoscopy in children with Morgagni hernias (MH). Methods The literature was reviewed for articles online on PubMed with search terms "laparoscopy", "Morgagni", "hernia", and "children". The inclusion criteria included articles only in English, and in the pediatric age group of 0-18. Articles that did not meet the inclusion criteria were excluded. Results The literature search from 1997 to 2019 revealed 32 articles that met the inclusion criteria. A total of 201 children were analyzed for laparoscopic repair of MH with age range 1 month-14 years. Sixty-four children had chest infections and n = 58 were asymptomatic. Laparoscopic procedures were carried out using a single-port technique (n = 9) or 3 ports (n = 145). There was a 30° scope preference in 47 children. In 97 children, the falciform ligament was divided. The preferred technique was primary closure using either intracorporeal (n = 18) or extracorporeal (n = 183) knot tying techniques, using non-absorbable sutures in all but four cases. Resection of the sac was reported in 42 patients. However, in 21 patients, there were large-size defects that required patch repairs. Some surgeons (n = 8) opted for suture devices. Robotic repairs were performed in 4 children. There were 7 conversions. Postoperative complications included 10 recurrent hernias, 3 residual sacs, and 1 port site hernia. With regards to associated conditions, 30 children had Down's syndrome, 13 other chromosome abnormalities, 16 cardiac malformations, and 4 gastroesophageal reflux disease. There was 1 lethal outcome due to respiratory complications. Conclusions Repair of MH is preferred only through the laparoscopic approach. Almost one-third of the patients have an associated condition. Repairs are associated with patches in one-tenth cases. Conversion in repairs is extremely low and is around 3.5%. Recurrence after laparoscopic approach is estimated to 5%.
Introduction
Morgagni hernia is a type of congenital diaphragmatic hernia that arises from a defect in the anterior portion of the diaphragm causing the ascension of the abdominal viscera into the thorax. Giovanni Battista Morgagni was first described it in 1761 [1] . It has a prevalence of 1:5000 live births [2] and accounts for less than 2% of all diaphragmatic defects [3] .
Morphologically, the defect arises from the failure of the crural and sternal portions of the diaphragm to fuse in the place where the superior epigastric artery traverses the diaphragm. The location is usually referred to as the Morgagni-Larrey foramen. It can occur on either side, but the right hernia is more common and seen in 90% of cases. The defect extends beyond the midline in 7% children [4] .
Any abdominal organ can herniate through the defect, the most frequent being the liver, intestine and omentum. This leads to a nonspecific clinical presentation. In contrast to Bochdalek-type congenital diaphragmatic hernias that mainly present in neonates, Morgagni hernias are usually diagnosed later in life. While it can be discovered incidentally in both children and adults, children usually have a 1 3 history of repeated chest infections, respiratory distress, or gastrointestinal discomfort such as epigastric pain, vomiting, or nausea. There are also reports of acute cases due to gastric volvulus, intestinal necrosis, as well as herniation into the pericardium causing tamponade [4] . Common comorbidities include omphaloceles, pentalogy of Cantrell, trisomy 21, and Prader-Willi syndrome [5] .
Various procedural approaches have been advocated open, laparoscopic, or thoracoscopic. However, the laparoscopic approach is favored not only due to the advantages offered by minimal access surgery, but also in terms of conclusively confirming the side of the defect as well as detecting bilateral defects and providing treatment using this access in the same anesthetic setting, hence avoiding additional anesthesia for diagnosis using Computed Tomography (CT) in younger children [6] .
This study aimed to review the literature with regards to the procedures, instruments, techniques, and outcomes of laparoscopy in children with Morgagni hernias.
Materials and methods
The literature was reviewed for articles on PubMed with regards to the search terms "laparoscopy", "Morgagni", "hernia", and "children". The inclusion criteria are summarized in Table 1 ( Table 1 ). Articles that did not meet the inclusion criteria were excluded from this study. The review was drafted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [7] (Fig. 1) .
The primary endpoints of the analysis were the level of reporting/evidence, type of procedural options in laparoscopy, and outcomes (complications and morbidity). The following parameters were analyzed: number of patients, age at surgery, clinical presentation, preoperative work-up, type of procedure, laparoscopic technique, number of ports used, port placement, prosthetics use, devices, intraoperative time, associated conditions, postoperative morbidity and complications, and follow-up.
Results
The literature search from 1997 to 2019 revealed 77 articles, of which 32 met the inclusion criteria ( Fig. 1 ) [1, . There were 17 case reports and 15 series published, with the first pediatric report published in 1997. A total of 201 children were analyzed in this study for laparoscopic repair of MH. The cohort included 115 boys and 55 girls, while the gender of the 31 children was not reported. The age at the time of surgery ranged from 1 month to 14 years (median 29.4 months).
While more than one-fourth children (58/201) were asymptomatic, the most common cause for presentation was chest infections (64/201) followed by other non-specified respiratory symptoms (33/201) and gastrointestinal symptoms (16/201). Less frequently, patients were diagnosed because of fever (4/201) or investigation for a chest wall deformity (n = 1/201). In two children, it was reported that mothers "heard gurgling sounds in the chest" [31] .
With regards to diagnosis, chest X-rays were most commonly used (n = 127) followed by Computed Tomography (CT) scans (n = 43), barium enemas (n = 17), barium swallows (n = 12), ultrasound (n = 5), esophagogastric endoscopies (n = 3), and Magnetic Resonance Imaging (MRI) (n = 1).
Associated conditions were identified in 34.7% of the patients. There were 30 patients with Down syndrome, 13 patients with chromosomal anomalies, 16 with cardiac malformations, 5 with gastrointestinal malformations, and 3 with genitourinary disorders. Gastroesophageal reflux disease was found in 4 children, whereas hypothyroidism and celiac disease in 1 case each.
Laparoscopic exploration revealed bilateral hernias in 31, left hernias in 29, and right hernias in 26 (115 cases the side was not specified). In 83 children, there were abdominal organs herniating through the defect: colon (n = 39), small bowel (n = 17), omentum (n = 14), liver (n = 10), spleen (n = 2), and stomach (n = 1). Regarding the operation room set-up, the preference was for reverse Trendelenburg position in 80 procedures with surgeons positioned between the legs of the patient. With regards to port preferences reported, the three-port technique was preferred (n = 145) followed by four-port technique (n = 9), and single-port technique (n = 9). The procedures were completed robotically in four children. With regards to the preferences of scopes used reported: 30-degree scopes were preferred in 47 children and 0-degree scope in 12. The size of the scopes reported varied from 3 mm (n = 1), 5 mm (n = 49), 10 mm (n = 5), and 12 mm (n = 1). After exploration and reducing the herniated contents, the sac was removed in 42 children. The falciform ligament was resected in 97 children to offer a better visualization. The defect was then closed by various techniques: (a) In 45 children, the edges of the defect were cauterized before suturing. Primary closure of the diaphragm was possible in 188 children (89.5%). In 21 children, a prosthetic patch was used: 10 Goretex TM (WL Gore Associates, Flagstaff, AZ, USA), 5 Surgisis TM (Cook Medical LLC, Bloomington, IN, USA), 5 polypropylene mesh, and 1 Parietex TM (Medtronic, Watford, UK). Most surgeons preferred suturing the defect using extracorporeal knot tying, while 18 surgeons tied the sutures intracorporeally (two during robot-assisted repair).
The sutures were non-absorbable materials such as polyester, polypropylene, or silk in the majority, but in four children, absorbable suture was used. One child was operated using helicoidal titanium staples [29] . Several suturing devices were employed: EndoClose TM (Medtronic, Watford, UK) (n = 4), Ti-KNOT R (LSI Solutions, Watford, UK) (n = 3), and EndoStitch TM (Medtronic, Watford, UK) (n = 1). In 1 child, the sutures were placed using a Reverdin needle [22] . To assist in the repair, in one child, an optical foreignbody forceps of a bronchoscope [10] was used. There was another report using a homemade single-port device with a wound retractor and a surgical glove [13] . Additional simultaneous procedures were only performed in two children, both of which were gastrostomies. The operative time ranged from 27 to 179 min (mean 147 min). There were seven reported conversions due to severe scoliosis, dense adhesions between liver and defect, large bilateral defects, and thoracoscopy converted to laparoscopy. No drains were placed.
Enteral feeds were started from 3 h postoperatively to as long as 3 days. The use of analgesics was reported in eight children who received either paracetamol (n = 6) or opioids (n = 2). The hospital stay varied from 1 to 16 days. Complications were reported after 20 procedures. There were ten recurrences of which the reports are found on (a) procedure with absorbable sutures (n = 2), (b) five primary repair procedures, and (c) in a partial resection of the sac (n = 1). In one case where the sac was resected, the patient Full-text arƟcles assessed for eligibility (n = 40)
Full-text arƟcles excluded due to irrelevance or different procedures (n = 8)
Studies included in qualitaƟve synthesis (n = 32)
Studies included in quanƟtaƟve synthesis (n = 32) had a pleura breach during surgery, which required no drain. Other morbidities were residual sacs (n = 3), respiratory distress (n = 1), bowel obstruction (n = 1), fever (n = 1), emesis (n = 1), stitch abscess (n = 1), and port site hernia (n = 1). There was one lethal outcome due to respiratory complications. The patients were reportedly followed up for at least 2 months and for up to 5 years.
Discussion
MH is less common compared to the postero-lateral diaphragmatic hernias. The diagnosis is usually made in childhood, but there are reports of MH found in adults [39] . The first report of laparoscopic repair of MH dates from 1997 when Georgacopulo successfully operated on a 4-yearold patient [38] . Other surgeons attempted thoracoscopic approach [23] similar to the one in Bochdalek congenital diaphragmatic hernia, but the abdominal approach was favored for it provides an easy reduction of the hernia, bilateral repair and better visualization [6, 9] . With regards to demographics, the male population has twice-higher prevalence as the female one. Children as old as 14 years were diagnosed with MH, though the median age at surgery is between 2 and 3 years. This is because there are many asymptomatic children whose MH get discovered while having X-rays for unrelated symptoms. In many cases, the children have a history of repeated respiratory infections and rarely digestive symptoms, with an insidious debut lasting years. In acute cases, the stomach can herniate, leading to gastric volvulus and perforation, or the bowel loops can become incarcerated which leads to ischemia. There are no acute cases treated laparoscopically reported in the literature; this could be probably explained by the fact that an open approach would be the preferred option in an acute setting.
Anteroposterior and lateral X-rays can show the abdominal organs herniating through the retrosternal defect. However, in about 40% of cases, additional diagnostic studies are performed. This can help in identifying the herniated organs and consequences of their displacement as well as evaluate comorbidities.
Associated conditions have been reported in one-third of patients including cardiac defects, trisomy 21, malrotation, esophageal atresia, pentalogy of Cantrell, and various syndromic conditions such as: Dandy-Walker et al. [19] . This study revealed a similar percentage, showing a high prevalence of chromosomal anomalies (21.4% of all children).
Laparoscopic exploration allows the surgeon to visualize the both sides, its dimensions and the contents [6] . The size of the defect varies with the largest one measuring 10 cm and the anterior portion of the diaphragm usually missing.
In the operative setting, most surgeons preferred positioning themselves between the legs of the patient, which allows easy manipulation, and accessibility. The patient is usually placed in a 30-degree reverse Trendelenburg position for allowing gravity to pull the abdominal contents caudally and a better visualization of the defect. An optic port is introduced through an umbilical incision. In early reports, a 12 mm or 10 mm scope was used [37, 38] , while, later, surgeons preferred a smaller 5 mm scope [9, 10, 13, 22] . Almost ¾ of the laparoscopies were performed using three ports. These additional working ports allow for manipulating the herniated contents and adhesiolysis. Arca et al. [30] reported decreasing the abdominal pressure to 6 mmHg for an easier closure of the defect. In a few cases, a single-port technique was possible. Zouari et al. [13] fashioned a homemade single port by placing a glove with a wound retractor through which a camera and a grasper could be introduced. Yilmaz et al. [10] used an optical foreign-body forceps of a bronchoscope.
With the uncommon prevalence of MH and the repair using laparoscopic surgery, there is no standardization of the technique. The laparoscopic procedure follows the same steps as the open technique. A sac is almost always present [9] , but only one-fourth of surgeons excised it. There are concerns that trying to excise the sac the pericardium, pleura, or phrenic nerve might be injured [20] , though there are no such lesions reported during laparoscopy. However, leaving the sac is controversial as it can lead to recurrence or fluid accumulation in the residual pouch [17, 20, 26] . Two residual sacs were identified on follow-up examinations 6 months after surgery in patients that were asymptomatic [17, 20] . In one patient, the sac was discovered during a CT scan for an upper respiratory tract infection 2 months after surgery. This sac showed extensive fluid collection, but the sac resolved spontaneously leaving a small remnant after 4 months [25] . To possibly minimize this and to promote better adhesion between the approximated edges, cauterization of the edges of the defect to induce scar tissue has been advocated [21] .
As for the closure of the defect, the preferred technique is extracorporeal tied interrupted suture. Therefore, a needle is introduced through the abdominal skin and over the edges of the defect. Some used an epidural or a Reverdin needle that can be directly maneuvered under visualization [10, 22] . Others used suture devices that facilitate closure, but, on the other hand, increase the cost of the operation. Surgeons seem to exhibit a preference for the faster extracorporeally tied knots using mostly non-absorbable materials. When primary repair is not possible, a patch repair is performed with only one report [20] describing a possible complication in a patched patient developing bowel obstruction. In this patient, Surgisis TM (Cook Medical LLC, Bloomington, IN, USA) was used to perform the closure of the defect. The laparoscopic repair of MH is still an advanced procedure and the surgeon requires a certain level of skill in minimal access surgery as the suturing is performed against laparoscopic ergonomics and focused towards the "roof of the abdomen". The use of a robot to aid in the repair of MH was first reported in 2005 [14] . There were no evaluations for the cost of robotic surgery when compared to laparoscopy or open surgery. The range of operative time while using the robot was 145-227 min. There are no reports of robotic repairs after 2009.
Regarding postoperative complications, the main issue was recurrence. This accounts for half of all complications. A primary closure was incriminated in half of the cases of recurrence. The use of absorbable sutures was also noted in two of these cases. Other complications are nonspecific and rarely occur. The low percentage (3.5%) of conversions most of them due to technical reasons and 10% complications are encouraging factors for minimal access surgery. A hospital stay as short as 36 h and a low number of patients requiring analgesics underline the advantages of laparoscopy. These add to a better esthetics result compared to open surgery.
In conclusion, repair of MH is preferred through the laparoscopic approach. Safe repairs have been reported in pediatrics from the age of 1 month, whereas the youngest child operated using the robot being 1.5 years. Sac resection was opted in one-fourth of patients, and there were no reports of nerve injury or pericardial sac opening in the cohort. Repairs are associated with patches in 10.4% cases. Conversion in repairs is extremely low and is 3.5%. Recurrence after laparoscopic approach is 5%. Almost one-third of the patients have an associated condition.
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